The impaired intake of folic acid, and the ensuing low concentration of folate in serum are frequently associated with systemic complications, which may also include abnormal DNA methylation. [12] A high serum concentration of Hcyis also toxic to the blood vessels wall. [11, [13] [14] [15] Although reliable evidence has been provided that plasma Hcy levels may be lower in children than in the adulthood, a small percentage of adolescents children display increased values of this non-protein amino acid, thus enhancing their risk of future cardiovascular events. [16] Since an increased serum concentration of Hcy contributes to enhancing the oxidative stress in children with OSAS, this preliminary study was aimed to explore the association between plasma Hcy concentration and OSAS, as well as their possible dietary management.
Methods

Study Population
A total number of 199 children underwent overnight polygraph study aimed to investigate the sleep disordered breathing (SDB) in our Department, between September 2016 and August 2017. All children have been referred from a dedicated outpatient facility belonging to a large paediatric pneumology service. Children with neurological, skeletal and muscular disorders were excluded (n. 31). The results of laboratory tests were retrospectively reviewed to collect data about haemoglobin, platelet count, as well as the plasma concentrations of folate, Hcy and vitamin B12. Hyperhomocysteinemia was defined as a plasma Hcy concentration >10 µmol/L. [17] The present study was based on pre-existing clinical data. The study was performed in accordance with the Declaration of Helsinki (http://www.wma.net/en/30publica-tions/10policies/b3/index.html) and under the terms of relevant local legislation.
Overnight Respiratory Polygraphy
The overnight respiratory polygraph study (SOMNO screen TM PSG, SOMNOmedics GmbH, Randersacker, Germany) was based on continuous monitoring of nasal airflow, chest and abdominal respiratory movements (thoracic and abdominal belts), arterial oxygen saturation (SaO 2 ; digital pulse oximetry), heart rate (HR; finger probe), electrocardiogram (ECG; three chest electrodes), body position (mercury sensor) and tracheal sounds (microphone). [8] This method has been extensively described elsewhere. [18] The sleep analyses (DOMINO® software, Somnomedics v.2.6.0) of valid recording session was manually performed. Obstructive respiratory events were scored as previously reported. [19] [20] [21] 
Statistical Analysis
Statistical analysis was performed using SPSS Statistics 22.0® software for Windows. The demographic, clinical characteristics and sleep respiratory polygraphic results were shown as mean, standard deviation (SD) and minimum/maximum values. A linear regression analysis was carried out to explore the association between plasma Hcy (entered as thedependent variable) and the laboratory (haemoglobin, platelet count, plasma folate, vitamin B12), demographic (age) and nocturnal poly graphic data (AHI, ODI, and minimum SpO 2 ). A further correlation analysis was performed between laboratory (plasma Hcy, folate and vitamin B12) and polygraphic data (AHI, ODI, and minimum SpO 2 ), with adjustment for the age of the children. The value of statistical significance was set at p<0.05.
Results
Overall, complete records (i.e., entailing both laboratory and polygraphic data) were available for 20/199 children (13 females and 7 males; mean age, 5.7±3.5 years). Demographic (sex, age), clinical (body growth) and overnight polygraph data (AHI, ODI, minimum SpO 2 ) of our study population ares hown in Table 1 . The plasma Hcy levels When the linear correlation analysis was adjusted for the age of the children (Table 2) , no significant association was found between laboratory (Hcy, folate, vitamin B12, haemoglobin,and platelet) and sleep respiratory polygraphic parameters (AHI, ODI, minimum SpO 2 )except between plasma Hcy and folate (-0.559; p=0.013). Notably, no significant correlation could also be observed between plasma Hct and vitamin B12 (-0.412; p=0.080).
Discussion
Oxidative stress and systemic inflammation are important causes of vascular endothelial dysfunction. In particular, oxidative stress in patients with OSA was proven to be an essential player of impaired endothelial function in the paediatric age. [22] High plasma Hcy levels have been frequently associated with endothelial dysfunction in the adulthood, [23] thus promoting or even directly triggering the generation of highly toxic compounds (e.g., cysteine adducts) and oxidative stress. [24] Folate deficiency, often resulting from insufficient intake of vegetables, leads to vitamin B12 deficiency [25] and compensatory increase of Hcy, both condition scurrently regarded as significant risk factors for cardiovascular disease. [17, 26] Nevertheless, no previous studies have been published on the potential association between plasma Hcy levels and OSAS in children to the best of our knowledge.
Papandreou et al. [27] reported that children with plasma Hcy levels above the upper reference limits (>10 micromols/L) were found to be inversely correlated with folate and vitamin B12 levels. In our limited children population, the inverse association between plasma Hcy and both folate and vitamin B12 could be confirmed, whilst an inverse correlation with haemoglobin values could also be demonstrated. Therefore, the rate of hyperhomocysteinemia was found to be much lower than that reported in an adult population of our Country (25% versus 88%; Chi-square test with Yates' correction, p<0.001). [25] In our child population, plasma Hcy concentration was also found to be significantly and positively correlated with age. Notably, Thakre et al. [28] recently suggested that the strong positive correlation between age and plasma Hcy levels may disguise a potentially real and independent association between plasma Hcy and with self-reported sleep apnea.
A recent meta-analysis showed that adults with OSA had higher plasma Hcy level than healthy controls, and this evidence was even more straight forward in patients with moderate or severe OSA patients. [29] The results of our preliminary do not support the existence of a significant correlation between plasma Hcy (along with folate and vi- Table 2 . Partial correlation analysis (adjusted for age) between blood laboratory exams and polygraphic variables of the 20 children enrolled in the study The present study has many limitations. First, the relatively low sample size may represent a potential bias in the statistical analysis, so that these results should be confirmed in larger children populations. Then, the retrospective design of this study did not allow to perform genetic testing, so that a potential impact of mutations of both MTHFR and MTRR genes on our findings cannot be ruled out. Finally, definitive information about dietary intake of vegetables and vitamins is also lacking.
In conclusion, this preliminary study shows that plasma Hcyl evels are seemingly not increased in childhood SDB. Therefore, it seems reasonable to suggest thatHcy, folate and vitamin B12 status should not be routinely assessed during the paediatric age. Nevertheless, a folate-enriched diet seems still advisable in children with obstructive sleep apnea, in order to counteract oxidative stress, whilst OSAS children reporting an insufficient intake dietary folate should be screened and eventually supplemented. Larger studies in paediatric populations are needed to corroborate these suggestions.
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